The number of incidents involving sharks and humans at beaches in Recife, on the north-eastern Brazilian coast, is among the highest worldwide. In addition, wound infections in survivors are common; but the nature and risk of the aetiological agents is unknown. In the present study, 81 potential bacterial pathogens were identified in the oral cavity of sharks involved in attacks in Recife, and were subjected to antibiotic susceptibility tests using the standardized disc-diffusion method. The majority were enterobacteria such as Enterobacter spp., Citrobacter spp., Proteus spp., Providencia alcalifaciens, Escherichia coli, Moellerella wisconcensis and Leclercia adecarboxylata. Other Gram-negative bacteria included Vibrio spp., Burkholderia cepacia, Acinetobacter spp. and Pseudomonas spp. In addition, coagulase-positive and coagulasenegative Staphylococcus spp., Enterococcus spp. and Micrococcus spp. were identified, besides Streptococcus spp. from the viridans group. Resistance was especially found in the Proteus mirabilis and Citrobacter freundii, and ranged from 4 to 6 antibiotics out of the 13 tested. Gentamicin and vancomycin were the most effective against Gram-positive cocci strains, whereas levofloxacin was fully inhibitory against Gram-positive and Gram-negative bacteria. These data are discussed in light of a retrospective evaluation of the medical records of three shark victims treated at Restauraç ã o Hospital in Recife.
INTRODUCTION
Attacks by sharks have resulted in fewer than 400 fatal victims around the world since records first started being kept in the early 1900s (International Shark Attack File -http://www.flmnh.ufl.edu/fish/Sharks/ISAF/ISAF.htm). However, from 1992 to 2009 in Recife, Brazil, sharks bit 53 people, of whom 20 died as a result of bleeding. The main victims have been surfers and swimmers who crossed over the natural barrier reefs running along the seashore. Two shark species have been reported as being mainly involved: the bull shark (Carcharhinus leucas) and the tiger shark (Galeocerdo cuvier) (Hazin et al., 2008) , these species have also been related to attacks in Florida, South Africa and Australia (International Shark Attack File -http:// www.flmnh.ufl.edu/fish/Sharks/ISAF/ISAF.htm). Due to lacerations or amputations of superior and/or inferior members, survivors have been treated with massive antibiotic therapy to avoid wound infections (Caldicott et al., 2001) . Nevertheless, the origin of contaminating micro-organisms is uncertain given that many species can be found in the oral cavity of sharks and in seawater.
The harmful potential of marine bacteria for human health has been reported, indicating many species are implicated in wound infections and seafood toxicity (Kueh et al., 1992; Howard & Bennett, 1993) . However, studies reporting potential bacterial pathogens in the oral cavity of sharks are rare. Previously, Buck et al. (1984) reported that Vibrio sp., Staphylococcus sp., Pseudomonas sp., Citrobacter sp. and Micrococcus sp. were recovered from a tooth of a great white shark (Carcharodon carcharias). Moreover, while polymicrobial infections are the main concern regarding shark victims, treatment is usually carried out with non-specific antibiotics since wound culture for antibiotic-susceptibility tests is not a routine hospital practice. For instance, Royle et al. (1997) Vibrio alginolyticus were isolated from the wounds of a shark victim whose treatment changed over time and involved application of gentamicin, metronidazole and ciprofloxacin. This study illustrates the complexity of defining an appropriate antibiotic-schedule for shark victims. In the present study we screened bacterial isolates from the oral cavity of captured bull sharks and tiger sharks for antibiotic susceptibility to obtain data to support antibiotic therapies for shark victims.
METHODS
Shark capture. Sharks of two species related to attacks on humans (Carcharhinus leucas and Galeocerdo cuvier) were captured by the boat Sinuelo in an area stretching about 20 km off the Recife shoreline. Four bull sharks (Carcharhinus leucas) and five tiger sharks (Galeocerdo cuvier) were captured between 2006 and 2008 through the use of bottom longlines and drumlines. The longline consisted of a main multifilament polyamide line, 8 mm in diameter and 4 km in length, subdivided into 4 segments, each delimited by 2 buoys and containing 25 hooks, giving a total of 100 hooks. Secondary lines were also made of polyamide line, 8 mm in diameter and 8 m in length, culminating in two 11 m long steel gangions connected to a swivel and a hook at the end. Twenty drumlines were deployed in pairs and had a structure similar to those used in the longline. After microbiological collection, the animals were also used for several other biological studies to make greater use of them. Bacterial sample collection and identification. Upon collection of microbial samples for each group of sharks the sample were pooled. Since microbiological procedures could not be carried out aboard the boat just after capture, the shark collectors were instructed not to cut open the animals' oral cavity to avoid environmental contamination. In addition, when the animals could not be taken to the laboratory on the same day as they were captured, they were frozen at 218C until bacterial samples could be collected. Due to the animals' size, which reached 2.5 m, in the laboratory sharks were manipulated on a decontaminated board near to a Bunsen burner. Separate sterile swabs were taken from the teeth and under the gums of the sharks and plated onto blood agar or used to inoculate brain heart infusion (BHI) broth (Oxoid) along with 3-5 % NaCl for culture of halophilic bacteria. After 24-48h incubation at 35 uC, halophilic bacteria were cultured on TCBS (thiosulfate-citrate-bile salts-sucrose) agar (Oxoid) to search for Vibrio spp. or on BHI agar for staphylococci. The isolates were differentiated by colony morphology and Gram staining, and plated onto BHI agar or blood agar to check for purity. MacConkey agar, sulfite-bismuth agar and Salmonella-Shigella agar were used to investigate the presence of enterobacteria and cetrimide agar was used to investigate Pseudomonas sp. The bacterial identification was carried out with commercial kits, following the instructions of the manufacturer (bioMérieux). The API 20E kit was used for enterobacteriaceae, API Staph for staphylococci, API 20NE for non-fermenting bacteria and API CH50 for carbohydrate fermenting bacterial differentiation.
Antibiotic-susceptibility tests. Antibiotic-susceptibility tests were carried out by the standard disc-diffusion method, following the recommendations of the Clinical and Laboratory Standards Institute (CLSI), formerly the National Committee for Clinical Laboratory Standards (NCCLS, 2002). Briefly, filter paper discs 5 mm in diameter impregnated with antibiotics (Cecon) were added to cultures in Petri dishes (0.5 on the McFarland scale, corresponding to 10 8 cells ml
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) containing Mueller-Hinton agar (Oxoid). After 24 h incubation at 35 uC, the diameter of the inhibition zone was measured with a calliper. All tests were carried out in duplicate and the results were interpreted as sensitive, moderately sensitive or resistant.
The antibiotics tested in the present study were selected from among those used in hospital routine for primary and complementary tests. The breakpoints for resistance were those recommended by CLSI. The resistance rate was calculated as the number of non-susceptible isolates divided by the total number of isolates. Multidrug resistance among Gram-positive cocci strains was defined as resistance to penicillin and oxacillin plus at least three of the following agents: erythromycin, ciprofloxacin, gentamicin and tetracycline. Bacterial isolates obtained from a single sample and identified as belonging to the same species with an identical antibiotic resistance/sensitivity profile were treated as a single strain. In this case, bacterial replicates were not conducted. 
RESULTS AND DISCUSSION

Bacterial identification and antibiotic susceptibility
The microbial isolates included Gram-positive as well as Gram-negative bacteria previously associated with different illnesses in humans, indicating the risk of polymicrobial infections in shark victims. Those strains commonly related to wound or soft-tissue infections, pyomyositis, osteomyelitis and bacteraemia are indicated in Table 1 . As expected, some bacterial species found in the sharks' oral cavities have been reported in seawater. Since these animals naturally keep moving in order to force marine water across their gills to allow oxygen absorption, environmental water quality seems to be significant to the determination of the transitory or resident bacterial population in sharks' oral cavities. Although we could not confirm those bacterial strains belonged to a resident microbiota of sharks, the risk for human health was marked.
In the present study, 81 bacterial isolates with distinct antibiotic-susceptibility profiles were recovered from the oral cavity of bull sharks and tiger sharks. Tables 2 and 3 summarize the antibiotic-susceptibility profiles of the main isolates. There was a higher occurrence of members of the family Enterobacteriaceae (67.9 %), such as Enterobacter spp., Citrobacter spp., Proteus spp., Providencia alcalifaciens, Escherichia coli, Moellerella wisconcensis and Leclercia adecarboxylata, possibly related to the low water quality in the marine environment offshore from Recife (Table 2) . However, antibiotic resistance was mainly found in Proteus mirabilis and Citrobacter freundii strains, and ranged from 4 to 6 antibiotics out of 13 indicated by CLSI. Proteus mirabilis is widely reported as an opportunistic agent infecting wounds and causing urinary infections, whereas Citrobacter freundii is related to diarrhoea episodes and extra-intestinal infections (Wang et al., 2000; Sabbuba et al., 2003) . In addition, our data showed 20 % of Proteus mirabilis were resistant to imipenem, a drug frequently employed successfully against Gram-negative nosocomial infections. However, sensitivity of Citrobacter freundii strains to cephalosporins and carbapenems has also been described for nosocomial isolates (Sabbuba et al., 2003) . The non-fermenting Gram-negative bacteria, such as Pseudomonas stutzerii (one isolate) from the bull sharks, and Burkholderia cepacia (one isolate), Acinetobacter spp. (two isolates) and Pseudomonas aeruginosa (two isolates) along with Vibrio parahaemolyticus (one isolate) and Vibrio sp. (one isolate) from the tiger sharks, were all sensitive to the majority of antibiotics tested (data not shown). However, attention should be paid to Pseudomonas aeruginosa, which is reported in many international studies due to its incidence in nosocomial infections (Gales et al., 2009) . Moreover, Vibrio species such as V. alginolyticus, Vibrio fluvialis, V. parahaemolyticus and Vibrio carchariae have been associated with soft-tissue and wound infections, and septicaemia (Schmidt et al., 1979; Pavia et al., 1989; Huang & Hsu, 2005; Han et al., 2007) (Table 3) .
Gram-positive cocci strains included the coagulase-positive as well as coagulase-negative Staphylococcus spp., Enterococcus sp., Streptococcus spp. and Micrococcus spp. Streptococcus sp. isolates were catalase-negative, resistant to optochin and a-haemolytic in blood agar, and were identified as belonging to the viridans group (Table 3) . Our data showed no multidrug resistance among Grampositive cocci strains, but the occurrence of oxacillin plus penicillin-resistant staphylococci suggested some strains bear the mecA gene, which confers resistance to several blactam antibiotics (Volkmann et al., 2004) . Staphylococcus aureus, Staphylococcus epidermidis, a-and b-haemolytic Streptococcus are broadly related to infections of wounds received in the marine environment (Isbister & Caldicott, 2004) . The medical implications of staphylococci infections are serious because of the large number of strains recognized as being human pathogens (Stepanovic et al., 2005) . A particular concern is the emergence of necrotizing soft-tissue infections caused by antibiotic-resistant streptococci from the viridans group despite the variation of penicillin-fixing proteins in the bacterial cell membrane (Cattaneo et al., 2010) . However, the Streptococcus spp., Enterococcus spp. and Micrococcus spp. from the sharks were all sensitive to several antibiotics. Although Micrococcus spp. are usually described as non-pathogenic micro-organisms, clinical isolates have been reported as agents of opportunistic infections (von Eiff et al., 1995) .
Case reports
Patient 1. The patient was an 18-year-old male attacked in the leg. The member was amputated at the upper thigh. Antibiotic therapy started with intravenous ceftriaxone (1 g every 12 h) and metronidazole (1 g every 8 h) for 7 The multiresistance of a single strain among isolates of one bacterial species is indicated by underlining. DThe number of isolates sensitive (S), intermediately sensitive (I) or resistant (R) for each antibiotic for each bacterial species is shown. dAntibiotic not tested (NT) against the remaining isolates of such bacterial species. §General resistance rate is given by the number of non-susceptible isolates divided by the total number of isolates submitted to antibiogram tests. DThe number of isolates sensitive (S), intermediately sensitive (I) or resistant (R) for each antibiotic for each bacterial species is shown. dNT, Antibiotic not tested (NT) against such isolates. Antibiotic susceptibility of bacteria from sharks days. Then, metronidazole was suspended and treatment with intravenous ceftriaxone (500 mg every 12 h) followed. Fever or wound infection was not reported during treatment. Blood culture was carried out but no microorganisms were identified. The patient was released from the hospital after 43 days.
Patient 2. The patient was a 14-year-old male attacked in the left calf. Antibiotic treatment started with intravenous ciprofloxacin (400 mg every 12 h) and clindamycin (600 mg every 8 h) for 15 days. After this, clindamycin was suspended and oral treatment with ciprofloxacin (500 mg every 12 h) was maintained until the patient was released from the hospital 30 days later. During the treatment, he suffered from persistent fever, but blood culture was not reported.
Patient 3. The patient was a 14-year-old male attacked in the gluteus and right hand. Antibiotic treatment started with clindamycin (600 mg every 8 h) and ciprofloxacin (400 mg every 12 h). After 30 days, treatment with meropenem (1 g every 8 h) was implemented for 23 days. The patient presented with fever, and cultures from blood, urine and fragments of the sacrum were identified as containing Pseudomonas aeruginosa, which was reported as resulting from nosocomial infection. Wound infection was reported in the gluteus after reconstructive surgery. Culture of abscess material identified Klebsiella sp. and Escherichia coli, whereas culture of the secretions identified these bacterial species and Pseudomonas aeruginosa. Antibioticsusceptibility tests revealed that the Klebsiella sp. was resistant to 8 out of 11 antibiotics, Escherichia coli was resistant to 7 out of 12 antibiotics and Pseudomonas aeruginosa was resistant to 5 out of 8 antibiotics. All the bacteria were susceptible to meropenem. The patient was released from the hospital after 78 days.
Conclusions
Evaluation of the medical records of the shark victims treated at Restauração Hospital showed that the extent of lesions was the main determining factor for bacterial colonization. In addition, the wound culture of one patient showed Pseudomonas aeruginosa and Escherichia coli, also identified in the oral cavity of the tiger sharks. The efficacy of the combined therapy varied among treatments as an adequate clinical response, but seemed to be determinant on control of polymicrobial infections as shown for patient 3. However, our data showed that preventive antibiotic therapy could start with a single drug, such as levofloxacin, which was inhibitory against Gram-positive and Gramnegative bacteria from sharks (Tables 2 and 3) . Currently antibiotic therapy for shark victims treated at Restauração Hospital includes clindamycin for prevention of Grampositive infections and ciprofloxacin for the remaining bacterial strains. A retrospective study showed that among 795 patients with skin or soft-tissue infections, 94 % were successfully treated with ciprofloxacin (Parish et al., 1990) . Our data showed that 33 % of Gram-positive cocci strains were resistant to clindamycin and 10.9 % of the enterobacteria were resistant to ciprofloxacin. Otherwise, gentamicin and tetracycline plus ciprofloxacin and vancomycin were fully effective against cocci strains, and could be useful against Gram-positive infections. Likewise, levofloxacin and amikacin could be a reliable alternative instead of ciprofloxacin for shark victims.
In conclusion, our study is indicative that special attention should be given to the prevention and management of Gram-negative bacterial infections in shark victims. Accordingly, assessment of antibiogram data is crucial to provide relevant information for making a medical decision on treatment and the appropriate antibiotic for shark victims.
